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TRACOR, INC. 6500 TRACOR LANE, AUSTIN, TEXAS 78721

FIRST IDA SUBMITTAL FOR TRANSDUCER

ELEMENT DESIGN FOR LOOSELY PACKED PLANAR ARRAY
COMMON PROBLEM 1.1

RACOR has been assigned the task of performing compu-
ter evaluations of transducer element design submittals for the
C/P Array Program as directed by the NEL Transducer Division.
This report contains the results of the first iteration of the
Iterative Design Activity {¥PA) teams from the various partici-
pating vendors. Certain properties for each of the transducer
element designs are presented in graphical form using identical

format and scaling for ease of comparison and evaluation of the

various designs.

The element design under consideration for this report
is a loosely packed array of 13 rows and 229 columns of 5 inch
circular elements with 8 inch center to center spacing. (Common
Problem 1). Four element designs are presented: GE, TRG, NEL,
and GD/E (C.P.1.1). The element chosen for the final design of
the first iteration was that proposed by GD/E. The results for
this element are labeled C.P.1.1 to indicate Common Problem 1,

iteration 1.

Each element is examined for various properties over
three frequency bands for three different steerings. At each
steering, parametric curves for various element properties repre-
senting the ''worst case'" radiation loadings in the array are
presented. These loadings were obtained from computations per-
formed by TRG, Inc. on C.P.l1 arrays and the cases chosen for
this evaluation are given in Tables 1, 2, and 3 for the various
frequencies. These results assume velocity control and are eval-
uated at one frequency in each band. However, since it can be
shown that the loadings are not a '"strong' function of frequency,
this approximation of constant loading across the frequency
band will not invalidate the design evaluationus,
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Under the assumption that cavitation occurs whenever the
surface pressure on an element exceeds 1.5 atmospheres, a driving
current (cavitation limited) is determined such that cavitation

occurs on that element in the array with maximum surface pressure.
For each steering, the properties presented in the graphs are
computed with the element under consideration being driven with
the cavitation limited current.

The presentation of the designs considered is organized f
in the following manner.

I. Designer (GE, GD/E, TRG, or NEL) ,
A. Frequency Band (Low, Mid, High) ]

1. Property (|I], |E], ,zinl’ etc.) '

a. Steering (Endfire, 30°, broadside)

Prefacing each element design are sample '"rough' dia-
grams of the element configuration, the equivalent four terminal
networks used in the computer element model, and a schematic
diagram of the electrical "tuning' circuits for each band with ﬁ

the values of the components given.

Several element properties were used in the design of
the element. The following properties, which are presented
graphically as a function of frequency, were considered in the

choice of the final design of this iteration.
1) VH,

|T— Magnitude of head velocity normalized to

input current -

2) ARG (Xﬂ) Phase of head velocity normalized to
input current

3) |€l Magnitude of electric field (voltage on each
ring/thickness of ring in mils.)

L) Izinl Magnitude of input impedance
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5) ARG(Zin) Phase of input impedance

6) |Ein*Iin| Magnitude of volt-amp product of input
voltage and input current
7) Po - P, Loss in the ceramic; i.e., power into
ceramic minus power out at the head
8) Pu
in

Total efficiency; i.e., power out at head/
power into inductor circuit

9) |z10C| Magnitude of the ratio of composite ele-
ment parameters relating current to head
velocity (for current control this is the
same as the magnitude of the internal
impedance of the element)

10) ZEOC) Magnitude of the ratio of composite
element parameters relating voltage to
head velocity

11) |1| Magnitude of the current

Since this design is to be manufactured and DUMILOAD
tested, the graphs contain the title "DUMILOAD I." This element
is the first design which will be built and tested on a DUMILOAD
facility and should not be confused with the DUMI-ELEMENT which
is an integral part of the DUMILOAD facility.
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Page 2:

Page 4

Page B:

6500 TRACOR LANE,

AUSTIN, TEXAS 78721

WORST CASE RADIATION LOADINGS

LOW BAND

F = 2000 cps.

Theta = 0°

Phi = 0

Velocity of cavitation
pca = 1.9001530E04

Loadings:

Max.
Min.
Min.
AVG.

F = 2000
Theta =

Pressure

Resistance

Reactance

cps.

0° Phi

o

Velocity of cavitation

Loadings:

Max.
Max.
Min.
Max.
Min.
AVG.

F = 2000

Pressure

Resistance
Resistance

Reactance
Reactance

cps.

Theta = Q° Phi

Velocity of cavitation

Loadings:

Max.
Min.
Max.
Min.
AVG.

Pressure

Resistance

Reactance
Reactance

LI I I O |

o

= .25633071E-01 meters per second

3.08590054E04 + j6.84589403E04
3.06295372E03 + j6.15220308E03
3.57300970E03 + j5.19126037E03
2.44205725E04 + j4.33216357E04

30°
= .10791793E-00 meters per second

.70359401E04 + j5.28297277E03
.72759279E04 + j3.19188898E03
.18166958E03 + 36.18375532E03

.09602996E03 - j1.58026357E03
.14146599E04 + j3.81251049E03

— 00 = ) b=

-+
-+

.14610751E04 + j1.00632375E04
<+

90°
= .20641517 meters per second

8.62318751E03 + j3.54954775E03
4.04152567E03 + j1.58332185E03
4.71313038E03 + j6.22775241E03
5.48191309E03 - j1.07796008E02
5.92082810E03 + j3.08428731E03

Compiled From TRG's Results
For C.P.1 Array, Problem 137
Table 1
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WORST CASE RADIATION LOADINGS
MID BAND

Page 24: F = 2500 cps.
Theta = 0° Phi = 0°
Velocity of cavitation = ,022599425 meters per second

Loadings:

Max. Pressure
Min. Resistance
Max. Reactance
Min. Reactance
AVG.

.70694046E04 + 37.66828215E04
.48842781E03 + j7.81806304E03
.43145191E04 + j7.70014372E04 3
.80512498E03 + j6.91990765E03 i
.81596841E04 + j4.83015054E04 ~

o
NWWwwWw

Page 26: F = 2500 cps.

Theta = 0° Phi = 30°
Velocity of cavitation = ,11002911 meters per second
Loadings:

Max. Pressure

Min. Resistance
Max. Reactance
Min. Reactance

1.61847804E04 + j6.64038697E03
3.66139341E03 + j7.66241486E03
1.07609438E04 + j1.06836049E04
1.28174594E04 + j9.95386351E02

AVG. 1.09357651E04 + j4.93621119E03
Page 30: F = 2500 cps.
Theta = 0° Phi = 90°
Velocity of cavitation = ,20803104 meters per second
Loadings:

Max. Pressure
Max. Resistance
Min. Resistance
Min. Reactance
AVG.

5.50801644E03 + j7.43469919E03
8.18015867E03 + j1.90754574E03
4,27851865E03 + j2.38239074E03 -
5.94411695E03 + 3j1.82753326E03 ]
6.13526911E03 + j3.81425445E03 3

Compiled From TRG's Results
For C.P.1 Array, Problem 137
Table 2 h

i
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Page 48:

Page 52:

e~ v

6500 TRACOR LANE, AUSTIN, TEXAS 78721

WORST CASE RADIATION LOADINGS

HIGH BAND

F = 3000 cps.
Theta = 0° Phi =
Velocity of cavitation

Loadings:

Max. Pressure
Min. Resistance
AVG,

F = 3000 cps.
Theta = 0° Phi =
Velocity of cavitation

Loadings:

Max. Pressure
Min. Resistance
Max. Reactance
Min. Reactance
AVG,

F = 3000 cps.
Theta = 0° Phi =
Velocity of cavitation

Loadings:

Max. Pressure
Max. Resistance
Min. Resistance
Min. Reactance
AVG,

0

3

9

(o]

.020291127 meters per second

4.03970761E04 + j8.58303975E04
3.50168917E03 + j9.28735198E03
3.05065992E04 + j5.25781665E04

OO

.1045634]1 meters per second

1.65302281E04
3.53874880E03
8.04770071E03
9.73845096E03
9.89594457E03

0°
.19248667

5.83226748E03
7.04807449E03
3.78636591E03
6.77634102E03
5.07857123E03

Compiled From TRG's Results
For C.P.1 Array, Problem 137
Table 3

+++++

+++++

.10088048E03
.01288799E03
.20617606E04
.52307533E03
.38905526E03

.12301916E03
.79985796E03
.64525485E03
.41083003E03
.58678978E03

il al e
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FREQUENCY
PHASE (VH/T 1 VERSUS FREQUENCY

CURVE 1 - MGX PREO=1.703%9401E0%+05 .28297277E073
CuRVE 2 - MHX R =1 7275987904+ U3 191888353803
CuRVvE 3 - MIN R -3 131605958E03+ 06 10375532803
CURVLD 4 — MHEX X =T HEI07ST1FO4+4 41 .00R323 7504
(CURVE Y - MIN X -5 .049600396E 05 -1 .S80CR3L7E03
CUkvD b V0 1 OTHIHeRYgE O+ 03 31 251 049E05




PHASE f VH/ 1)

NEL. DUMILQAD 1
C.P. 1 & INCH CIRCULAR HERD
LOW BANC BROADSILE (0,30)
LP=.1590 QP=E+50 LS=.5005 QS=t+50
180 _

e A et 8 o a0

120 |

b0 |

=192

ouog oo o200 >dnn auhn prjap
FREQUENCY
PHESE (vA/ 1) VERSUS FREQUENCY
CURVE 1 — MGx PRES=z8.623193751E03+J3 543547758005
CURVE 2 - MIN R =4,04152507E03+41 .5833215358 0.5
CURVE 3 - M4X X =4 .71313038E03+J6 - 2277524 1E03
CURVE 4 - MIN X =5 .481491309803 -J1 07730008t 0
CURVE & - ARVD -6 .32080810E03+03 08428731803

~9CALED TO K+« PAPER & 46




TOTAL EFFICTENCY

NEL. DUMILOAD I
C.P. 1 5 INCH CIRCULAR HEAD
LOW BAND  ENCFIRE (0.0)
LP-.1590 QP=E+50 LS=.5005 Q@S=t+i0

1.00
-
-+ - 1 e
N
" 8
¥
E ]
e ’3/ ---- -
34 T —
//3////9/’
, - <7
‘,L - /’/ ,//
- /
o
’,/
P
.40 - _ e SR
odlos oD oo 30 ~iba AN
FREQUENCY

TATAEL EFFICTENCY VERSUS FREQUENCY

CURVE 1 - MHX PRESG=3 .08590054EF 04+ J6 - B3405394073E U4
CURVE 2 - MIN R =3.0 296372E 03+ 06 1500030805
CURVE 3 - MIN X =3.57300470E03+45 . 1312603780 5
CURVE 4 - RVG -0, 4Y205 7250 Q4+ J4 . 332163578 04

CCALED TC i+t PRPER & 46 0780 " y




1.00

NEL. DUMILQAD 1
C.P. 1 5 INCH CIRCULAR HEAD
LOW BAND 30 DEGREE (0.30)

LP=.1530 QP=£+80 LS=.50056 QS5=£+50

.39 | ‘
/&, ,,_,_/-'-‘—""”'M

>
-
<
S
t ~g“ — /A//Mr
L o
_J —
= e i
R e
/'////
< |
90 L .
oo o1 oo 2300 oo ool :
FREQUENCY (
TOTAL EFFICTENCY VERSUS FREQUENCY I
CURVE 1 - MGX PRES=1.703549401E04+J5.28297277803 f
CURVE 2 - MAX R =1.72759279E04+J3.1915358593L03 :
CURVE 3 - MIN R =3.181£6958E03+J6 . 183375532803 ;
CURVE 4 - MAxX X =1 IHE1N?0TEQ4+J1 00632370104
' CURVE © - MIN X =8 .09607936E 073 -41 . 580263578073
5 % CURVE & - RVG 21 AHTHESYSE QM +U2 . 8120 104SEQ3

|
|

SCALED TC K+£ PAPER # 46 O78C j




NEL. DUMILQGAD 1
C.P. 1 & INCH CIRCULAR HEAD
LOW BAND BROADSIDE (0.90)
LP=.1530 QP=E£+50 LS=.5005 QS=E+L0

1.00 _
.98 _]
e '
/ ) —///’_/:‘::’/__,_.ﬂ-—-""fp
T e R
) T .
: e
= i T
- - o .
L 94 - - o
E:j l// - /’// '
_ el :
= 7 \
5 - v
—
30 ‘
]
i
30 . i
oUoe 1o ool0 2900 aubo orlog i
FREQUENCY 1
TOTAL EFFICTIENCY VERSUS FREQUENCY u
CURVE 1 - MAX PRES=8.62318751E03+J3. 54954775803 "
CURVE 2 - MIN R =4 .QU152567E03+U1 .5833185E03 ﬁ
CURVE 3 - MHEX X =4.71313038E03+J6.22775241E03 j
CURVE 4 - MIN X =0 .48191309E 03 -41 .07736008E0¢2 g
CURVE 9 - RVG =5.32087810803+03.08428731E03

Y- N

!
1
h

— - - SCALED 10 not PRPER 8 95 G0




NEL. DUMILORD 1 !
c.P. 1 & INCH CTRCULAR HERD
LOW BAND ENOFIRE (Q.0)
LP=.1590 QP=E+50 LS=.5005 QS=t+50
100 ..
i
10
]
§
~§~ ' -
:
o —<
L.LJ‘
wJ
= 10 | \
: Y
_Jd ﬁ 1‘
1 Mw_—J—P’"‘—' _. .\
I Y WP Ly 1
A N N }
T _‘
MW‘Q_M_ ‘l;
| , = - |
oring niog 0300 ~300 o 500 1

FREQUENCY
LOGS IN CEREMIC VERGUS FREQUENCY
CURVE ! - MRX PREG=3.08530054E04 +J6 84589403804
CURVE 2 - MIN R =73.06230372t03+J6 . 152203082073
CURVE 3 - MIN X =3.5/300470E03+J0 18126037803
CURVE 4 - HVG 2 HH205720E D4+ Y L 33216357604

_LOQUED 10 Ke PRPER o wa 6213 |




" NEL DUMILQRD 1
c.P. 1 S INCH CIRCULAR HERD
A LBW BAND 30 DEGREE (0,30)
LP=.159C QP=E+50 LS=.5005 QS5=E+50
1003 '
§
| .
; :
i
~
% |
‘ 103’
F .
=
i o 1=
| = .
= -
& e {
= 1.0 :f
;
;| § I T S —— t
' . 2000 2100 2200 2‘*{00 2400 2000
er FREGLENCY
H | LSS IN CERAMIC VER3US FREGUENCY !
i CURVE 1 - MAX PRES=1.703594H01EQ4+JS.282872 77E03 8
, CURVE 2 - MaXx R =1.7°779279E04+J3.19188638EGS :
l CURVE 3 - MIN R =3.1891669%8E(3+J6.18375532E03 1
| CURVE 4 - MAX X =1.146107C1EQ4+J1 00632375804 ‘
; CURVE S - MIN X =H.096024396E03 -J1 .E58LPB 3N EL3 »
i CURVE 6  AVE 21 Y 1UBRA0F LY+ U2 .81 251043803 L
|
H ll
Vi . SCALED TO K+ PAPER & 46 B213

e, R




LASS TN (ERRAMIC

c.pP. 1

NEL. OUMILGRD 1
5 INCH CIRCULAR HERD

LOW BAND BROAARDSIDE (0,490)
LP=.1590 QP=£+50 LS=.5005 QS=E+50

1.0 -

]

]

1

a0
oo o0 o300 ~300 b0 o0

FREQUENCY
L.0SS IN CERAMIC VERSUS FREQUENCY

CURVE ! - MBX PRES=8.623183751E03+J3.54954775EQ03
CURVE 2 - MIN R =4.04152567603+J1 .58332185003
CURVE 3 - MARX X =4 .71313038E03+J6 .2277524 1E03
CURVE 4 - MIN X =5.48191309€03-41 .07796008c 02
CURVE 5 - RVG =5.92082810E03+43.08428731E03

' ARLED TC K+« PRPER &

L

s s

R




MEGIT)

NEL DUMIL3AD 1
C.Po 1 U INCH CIRCULPR HEAD
LOW BANC  ENCFIRE (0,0)

LP=.15380 QP-E+50 LS=.500% QS-£+80
10.0 ..
.
.
_
1.0 |
.
]
|
0 ] : ‘E‘\.\L\‘\e
_
_
.0l . l
2000 210 o300 2300 oubo oelng
FREQUENCY
MGG( T ) VERSUS FREQUENCY
CURVE 1 - MGX PRES=7.085490054E04+J6 . 845894038 04
CURVE 2 - MIN R =3.062353 72803+ 46 - 152203088073
CURVE 3 - MIN X =3.57300970E03+J5 1812603 7E073
CURVE 4 - RVG 2 HA209725E 04+ 04 . 33216357804

_SCALED TO K« PRPER & 46 6213




MaG] )

NEL. DUMIL2AD 1

C.P. 1 S INCH CIRCULHR HEAD ‘
LOW BAND 30 DEGREE (0,30)
LP=.1590 QP=E+50 S=.5005 QS:=E+50
10.0 _
n o]
1.0 .
. R
5 e Bl & - . 1
0.1 | 4
:
.01 l _
adne 2100 oolo 2300 oubo poion
FREQUENCY
MAG( 1) VERSUS FREQUENCY
CURVE ! MaxX PRES=1.703%9401EQ4+45 .28872778E03
CURVE 2 MAX R =1 .72759279E04+J3.13188898E03
CURVE 3 MIN R =3.18166358E03+J6 . 1837503203
CURVE 4 — MBX X =1 .J4610751E 4+J1 .006323 75804
CURVE § MIN X -3 .049602336E03-J1 .5802635 78603 j
CuRVE b6 - RVG =1 HIHESYIEOH+J3 . 3125 1049EQ0 73 l

SCALED TO Ket PAPER # 46 6213




S gy o ————— -

MHGE T )

c.P.

NEL DUMILOHD |

1 5 INCH CTRCULAR HERD '

LOW BAND BROAOSIDE (0,90) '
LP=.1590 QP=E£+450 LS=.5005 QS=E+50 -

10.0 .
1.0 l e — P i : ae é
3
i
4
.
0.
]
4
_
501 l, ———— [ —— - - - ]
ouloa oo oobo >3 ~ybo celon
FREQUENCY
MAG(T) VERSUS FREQUENCY
CURVE ! - MGX PRES=8.62318751E03+J3.54954775E05
CURVE 2 - MIN R =4 .04152867E03+J1 .583321535L03
CURVE 3 - MRX X =4.71313038E03+J6 . 22775241803
CURVE 4 - MIN X =5.481491308803-J1 .07796008E00
CURVE S - RAVEG =5.32082810E03+J3. 08428731603

GLALED T K+l PHPER & 4B FQO13

 ———————— - v eaceeemser
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NEL. DUMIL2AD 1 4

C.P. ' 5 INCH CIRCULAR HEAD *
LOW BAND  ENDFIRE (0.0)

. LP=.1590 QP=F+50 [S§=.5005 Q8=F+50

1
=~
| —
: —d
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[
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!
i .
J )
100 |
i —
; - B B
] p— o P - & ———
! b e
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1
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s S 3
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- ¥
- :
— \ 3 <
. f 1
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\W4 1
- / 3
e =
LN b
i l.' P S SN oo oo s :
H < Dv (AN [ 1\ [ Dg LL{‘ L Il :

FREQUENCY
MEGLE %11 VERSUS FREQUENCY :
| CURVE 1 - MGX PRES-3.09530054E 04+ J6 . 84589403F U4 1
. CURVE 2 = MIN R =3.06295%370E03+J6 . 15000 308E 03
CURVE 3 - MIN & =73 573009705 03+J5 . 191203 7E03
CURVE 4 eyn OO0 00 e . 30 TR 37O

g T e pore ey E————— f—y s — ~prm e T

SCALED TQ K+ PRPER & 46 62!'3



MEGIE»T )

NEL DUMIL?AD | ;
C.P. 1 5 INCH CTRCULAR HERD »
LOW BAND 30 DEGREE (0.30) |
LP=.1590 QP=£+50 LS=.500% @S =t+50

1003 _

10 ]

! 1

odoo 2100 230 2900 ouho e

FREQUENCY
MGG Ex1) VERSUS FREWQUENCY

CURVE | - M8X PRES=1.7035%9401EQ4+J5.2803 7277803
CURVE 2 — MAX R =1.72759279E04+J3.191538898E03
CURVE 3 - MIN R =3.18166958503+46 . 1337553803
CURVE 4 - MAX X =1.146810751EQ4+J1 .006323758 04
CURVE & - MIN X =8.09602389€FE03-J1 58006357603
CURVE & - RVG =1 . JH14E599E 04 +J3 . 31251049F03

OCALED TO K+t PAPER & 46 6213
-




NEL DUMIL 2AR0 1
C.P. 1 5 INCH CTIRCULHR AERL
LOW BAND BROARCSIDE (0,901
- 1580 QP=E+50 LS=.500%
1008
]
_{
100 _|
*
O
J
= 10 ]
s ]
s
orlon oo 2300 ~dno oubo o0
FREQUENCY
MEG(ExT ) VERSUYS FREQUENCY
i CURVE ! - MAX PRES=8.62318751E03+J3-54954 7758073
CURVE 2 - MIN R =4 .0415%2567E03+41 .£8332135005 )
CURVE 3 - MAX X =4 .71313038E03+46 . 2277524 1E03 1
CURVE 4 - MIN X =5.48191309E05-J1 .07796008E0C
, CURVE & - RVG =5.32082810E03+43 . 08428731803 A

GCALED T X+t PGPER & 4R B2L3




NEL DUMILORD 1 .
C.P. 1 5 INCH CTRCULAR HERD |
LOW BANC  ENCFIRE (0.0)
LP=.1890 QP=£+50 LS=.85005 03=t+50

S bR A e A TR
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— 1
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B 1
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4
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]
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B oo T o Tk ‘g
RN oo oo ~doe oo oolop -}

FREQUENLY
MUGAEL O TRIC PIDEE Y VERSUS FREQUENCY

3 MIN X F 57300470805+ 00 TY1260 57000

r
t 0 - MINKE 3 -URI95 372803 +d6 1022030850073
r

Py FVL oA U DL U ST R 3R 7R QY

GURUED TO Mt PHPER & 4R A3
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M&EGIELELTRIC

NEL. UUMLLAAD |
C.P. 1 5 INCH CIRCULHR HERD
LOW BANC 30 DEGREE (0,30)
LP-.1590 QP=E+50 LS=.5005 QS=zt+50

I

1

|

e Ay O S o A
FREQUENCY
MEGIELECTRIC FIELD ) VORGUS FREQUENL Y
CURVE 1 MAX PREG-T /0 35340TE Q4+ 05 2803 70778 U

Cukve 2 MHX R SR VAT M AS A SR RN IS N RS 15 1E IR A
CURVE 3 - MIN R 23 AH3IERLSE05 08 1557605100
CuRVE % - MuX X -1 HeIN70E044 ] (0063 37510 04
CURVE & — MIN X 3096099 0 3- 01 S8300R3 780 3
CuRvE & - HvG ST THTHESSGE Q4+ 1 3L OTONYED S

Wl LB T et VLTER g Yh R 2




MAEGTELECTRIC FIELD)

10 .

NEL. CUMILOAD 1
C.P.o 1 5 INCH CIRCULHR HEHE
LOW BANC  BRQAAOSIDE (0.90)
LP=.1590 QP=E+50 LS=.5005 QS=t+L0

10
B
~
l] ﬂ
..1
o e o
ori0a oo oho rdno odhe arlon
FREQUENCY

MAEGIELECTRIC FIELD Y VERSUS FREQUENCY

CURVE 1
CURVE
CURVE
CURVE
CURVE ©

+ Wl

- MAX PRES=8.6£3183751503+J3 . 0HYGH 77080
- MIN R =4.04150067E03+J1 553328155003
- MAX X =4.71313038E03+db-22770241803
- MIN X =0.48191309E03-J1.07 7960052 0c
~ HVG =5 . 3204978108053+03 . 054737318073

, SCALED TS %+ PRPER & Y6 623 i '
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e e TN MO

NEL LUMLLUHY |
C.P. 1 & INCH CIRCULAR HEAD |
MIO BANC |
LP=.3904 OP=£+50 1S=.00CC US=E+E0
roeeece
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NEL DUMLLUHY |

C.P. | S5 INCH CIRCULAR HERD
MID BAND

LP=.390% GPzE+50
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.5=.0000C QS=E+50
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MHGTZIN]

yo W b DA 4

NEL. DUMILQ@AD 1
C.P. 1 5 INCH CIRCULAR HEARD
MID BAND  ENCFIRE (0.0)

LP=.3304 QP=E+50 LS=.0000 QS=E+50

100000 :
10020 _
]
..{
..-1
oo |
100
ooty 2300 oy po DAL o
FREQUENCY
MAG! ZIN) VERSUS FREQUENCY
CURVE ! - MAX PRES=3.70634046EQ4+J7 668282151 U4
CURVE 2 - MIN R =3.48842781E03+U7 . 813063045073
CURVE 3 - MBX X =3 .43145191E04+J7 . 7001437204
CURVE 4 - MIN X =3.80512498E03+ 4R . 91930765t.03
CURVE & - RVG =2 .81596841E04+J4 . 8301 S054E04

SCALED TO K+t PRPER & 46 6213
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NEL DUMILOAD I
c.P. 1 5 INCH CIRCULARR HERD
MID BAND 30 DEGREE (0,30)
LP=.3904 QP=F+50 LS=.0000 QS=E+50
100000 :
]
10000 |
n
= B P
~ | -
: =
b A -
1008 5 \‘;\GM =
_ ‘\\
__+
we L D
o e o 2650 N ~o
FREQUENCY
MAGI ZIN 1 VERSUS | REQUENCY
(URVE 1 - MGX PREG=1.61947804E04+J6 H40 396 7£Q 5
CURVE © - MIN R =3.6613341E03+J7 BRI T49RL 03
CURVE 3 - MEX X = 1.076094 398 04+J1 . DFB3E049E U4
CURVE & - MIN X =1..81 MO9HE04 - 09 .0 IR TE O
CORVE & VG 1035 JRLTEOd+ 04 9 3F01 1 T9E0)

(S 1w
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1

Lol b Liad

NEL DUMIL.OAC 1 !

C.P. 1 © INCH CIRCULAR HERCD :
MID BAND BROACSICE (0.90)

LP=.3904 QP=t+50 LS=.0000 QS=E+L0

CURVE
CuRv(
CuKVE
CUuRvL
CURVE

~

030 oy o LA T |

FREQUENUY i

MGG ZTNY VERGUS FREUUENCY

- MY PRESG -G .C090 164480 3+ 07 434p3919F 0
~ MYX R 2918901086780 5+01 . 90754 4E 0
- MIN B =4 7851865E 03+ 1039390 4603
< MIN X -0 g IRINE 0 U100 703306003
- Bve BT I0TR3TIRFC s 133 400U G 03
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NEL CUMILOAD |
C.P. 1§ INCH CTRCULAR HEAD
MID BAND  ENCFIRE (0.0)
LP=.3304 QP-t+50 LS=.0000 QS=E£+50
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FREQUENCY
PHESETZTN T VERGUS T REQUENDY

!
!

[ uRVE
(uRVE
CURY®
CURVE
CukVE

i

3
[

3
4
:

- MIN R S WA I3RS 0T
- MRX X S 4T HOIATE O+ )Y,

MuX PRED. 3706349046804+ 0 7.

MIN X - 305 JUOBEO3 R .
S12E JHTNEGE TEQH I
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CIBOE304E G

70014372t 04
31980765103
HO0THULHEOY
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PHRSE ( ZIN)

NEL. CUMILOAD 1
C.P. 1 5 INCH CIRCULAR HERD
MID BAND 30 CEGREE (0.30)
LP=.3904 QP=£E+50 LS=.0000 QS=£+%U0

e e oo oA oo
FREQUENCY
PHARSE 1 21N VERSUS FREQUENCY

[

CURVE 1 - MEX PREG=1.61347804E04+J6 - B4033637E0S

CURVE
CuRVE

CURVE.

CURVE

D - MIN R -3.F613331E03+J7 6674 1486E03
3 - Max X - 1-07609438E04+J1 06936043804
4 - MIN X =1.8174994E04-J9 . 3538635 1E0
O o~ RVG -1 0975 7R01F 0+ U4 . 93EC T TT9EDT

SCALED TO K+t PAPER = 46 0780
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NEL. DUMIL ORD ]
C.P. 1 & INCH CIRCULHR HERD
MID BAND BROAODSICE (0,90
LP=.3904 QP=£+80 LS=.0000 QS=t+50
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100 7?:
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ke, ~0 ogho ke A ~TL
rREQUENCY
HHGE C ATNY VERSUS FREUUENCY
Lukvi ! Mux PRE G5 L0 ]‘%Ultq BN TS IS AT R
CuRvE o Mux K SINRIENS ’Elbk"l HOLANTYED S
i CURVE 3 - MIN R ~4..78% “‘F SO+ Ju 3(’ n33074E03
\ CURVE 4 MIN X Gyl 10N 0+ 3075332600 1
' Cubyvt . Ly b 13N h J] ]f (33 138 ]‘4}75,%45[ 05 g
t

SCALED TC




MAGTVH/T )

LP=

NEL. DUMILOAD I
C.P. 1 O INCH CIRCULAR HERD
MID BANC  ENDFIRE (0.0)
-3904 QP=£+50 LS=.0000 QS=£+50

0 . I
AN o300 b pEs A ol
FREQUENLCY
MEGIYVH/T) VERSUS FREQUENCY
CURVE 1 - MBX PRES-3.706534046E Q4+ J7 . 668780100 04
CURVE 2 - MIN R 349547 T781E03+07 818063040 03
CURVE 3 - MRBX X =3.43149191EQ4+J7 . 7001473728 04
CURVE 4 - MIN X =3 3051 24YSE 03+ 0R . 31930765E U3
CUEVE & —- RVE SO BTSSR OY 4 4.8 30105054 E 04
_
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NEL. DUMILOARD 1 |

' C.P. 1 5 INCH CTRCULAR HEAD

) MID BAND 30 DEGREE (0.30)

' LP=.3904 QP=t+50 LS=.0000 QS=t+5U
H B =

|

oo
\ T ——— o [ =4
T t%EESE!==EE======a—w 4
Z | 4
T {
= -3
[a— 4
) 3
] =1 Al
L
-
- 0 S
3 oo o 215 o550 AL Api "
| FREGUENCY 4
] MAG! VH/1) VERSUS FREQUENCY
‘ CURVE 1| - MAX PRES=1.61947804E04 +J6 6403863 7E03
| CURVE 2 - MIN R =3.6F133341E03+J7 .66241486ED3
| CURVE 3 - MAX X =1.0760943BE04+J1.0F83B049E (4
! CURVE 4 - MIN X =1.28174594E04 - J9.95386351E02 |
CURVE & - AVG  =1.09357651E04+4.93R01119E03 |
1 3
“ R

GOALED TC A+b PAPER & 46 Q78C
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MELIVH/ T

.......

c.P. 1

NEL DUMILORD ]
O INCH CTRUULHR HE G
MID BHND BROBECLTIDE 0,90

LP-.3904 OP=t-0L0 LS-.0000 0C <t +00 i

A

-

L

L]
|

CURvVE 1
CURVE
CURVE
CURVE
CURVE

¢ FE W

o3 o o R AL
FREUUENCY

MAGLVH/T) VERSUS REQUENC Y

MOX PRESG=5.508016494E03+07 .4 346493 14E073
MAx R =3.153015896 7605+ 01 . 30704 4E 0 5
MIN R =H L7951 4HR0L O 4+ 0 3830390 M4 00
MIN X =5 TSR O30T o L REDS
RV S TV ISTEATIED 3 1 31 LYYLE O,




Ny NEL DUMIv?RR T ‘

h C.P. 1 5 INCH CTRUULHK HEb :
1 MIC BHND ENCF IRE 0,000 E
LP-.3904 QP=E+50 L9=.0000 QUzt-0d K
: 18T _ :
- |
£
120 :
i
{
BG —d
- ° Y P ,
T ﬁ_\;%&;;«t”
> -
L R
= ]
\
R ‘
LY _ . 3 .
ot oFa ayho oring L o
FREUUENCY
PHAGE FvH/ 1) VERSUS FREQUENLCY
CURVE - MGX PRES=73.70634046L 04+J7 B30 0

!
CURVE 2 - MIN R =3.48942731E03+.07 831306 3041 UJ
CURVE 3 MHX X =3.43140191EQ4+J7. 70014 372 U4
CURVE 4 - MIN X =3.930%912499E03+ U6 - 31930 /p0L 03
CURVE © - RAVG =2 . 81596941F Q4+ J4 .3 5015004804

CALED TC A+ °RAPER a 46 CT8BC




a3 Y TR i ey w> m

NEL CUMIL 2l |
c.P. 1 U O INCH CTRUCULHR HE#HD

MID BSND 30 DEGREE 10,30)
LP=.3904 QP=t+00 L9-.0000 QS=t+L0
132 _
120
.

—
_ 8 _H S b I - W T 1 N .
. \ ‘g - b - o s,
T
=
—
b
)
I
T ,
a. -l _|
~120
~-130 S T Ml YR
oy o0 AT AN A St

FREQUENCY
PHASE fvH/T ) VERSUS FREUUENCY

CURVE 1 - MAX PREG=1.61347804E 04+ J6 . 6HO 3361 7ED
CURVE 2 - MIN R 23061 3334 1E0 3 1 ceR I TR O
CURVE 3 - MAX X =1 0760943504+ 1 DES5EUHYE Dy
CURVE 4 - MIN X =1 281 4G IHEOY 5. 9038031,
LURVE O - RVE 109757651004+ 4 033711 T9E 0




NEL DQUMILORD 1 i
c.p. 1 S INCH CTIRCULHR HEHD
MID BAND BROACSICE (0.90)
LP=.3904 QP=t+50 LS=.0000 QO=t+5U

120 4

3

b B My D 1 2 o TV N~ @

PHASE f VH/ T

60

-120 4

-130 _

! & Y.
In) - 1
oy D) A oo

FREQUENCY b

PHASE (VH/ 1) VERSUSG FREQUENCY

CURVE 1 - MHX PRES=5 .50801644E03+47 43463919800
CURVE 2 - MAX R -9.190158R7E03+J1 . J070HL7HEQTS
CURvE 3 - MIN R =4.278519651 03+ 2 . 3823307407
CuRVE 4% - MIN X =6 .3441 16958 03+ U1 BCT7633chE U
CURVE O - AVG -6.13190R91 1603403 . 3THIEHYOL 07

~
r3
<
c
2
\.-‘
c

h' SCALED TC A+t PRPER & 46 0780 A




TAOTAL EFFICTENCY

1.0C

cC.P. 1

NEL. DUMILCAD I
S INCH CIRCULAR HEARD

MID BAND
LP=.3904 QP=E+50 LS=.0000 QS=E+50

<38 _|

u"JE —

ENDFIRE (0,0)

g2

.90 _

o5y o950 oybo prs oAby o7
FREQUENCY
TATAL EFFICIENCY VERSUS FREQUENLCY

CURVE 1| - MAX PRES=3.70634046EQ4+J7 .66828C15E 04
CURVE 2 - MIN R =3 .48842781E03+J7 .818336304E073
CURVE 3 - MARX X =3 .43149191E04+J7 . 700143 72E 04
CURVE 4 — MIN X =3 .83051 2493503+ J6 . 3139907658 03
CURVE § - RAVG =2.9159E6841FE04 +J4 . 33015054E04

O(RLED TO K+t PRPER & 46 0780

o




NEL. CUMIL2AD 1
C.P. 1 O INCH CIRCULARR HEAD
MID BAND 30 DEGREE (0.30)
LP=.3904 QP=E+30 LS=.0000 QS=t+50

1.00 _
},_.-—-—'—'—"—‘—_ 1 - 3 = 1 '
.39 ﬂ% 5 e —
}
!
i
; (96
] 5
L =
i wl ! .
| — T
j b 3
| L
‘ _
: T
=
’.—_
o
.90 ) L
o B o pong AN oo
FREQUENCY
TGiAL EFFICTENCY VERSUS FREQUENCY
CURVE ! — MBX PRES=1.618347804E04+ U6 .0403869 78073
CURVE 2 - MIN R =3.66139341EQ3+07 . 6674148603
CURVE 3 - MAX X =1.07609438E04+J1 .08 304904
CURVE 4 - MIN X =1 .281 7HLH94F 04 - JY . 9538635 1E0C
V CURVE © - AVE =1 .0935%7651E04+J4 . 9321119803
|
’
L
l". ) GCALED T s PHPER & YR (78D
i R .
e e o e L e i _...-. J



NEL. DUMILGAD 1
c.P. 1 5 INCH CIRCULAR HERD
MID BAND BROADSIDE (0.90)
LP=.3904 QP=E£+50 LS=.0000 QS&=t+50

1.00 _

39 _

> T T ————
> .
=
o j
= &
(Wi ;
o L
s
. }
[un
— .
D 3z
— L

3 x!

3
[ ] qo T vjf . L ————
o950 o ko oo 50 o7

FREQUENCY

TOTRL EFFICTENCY VERSUS FREQUENCY

CURVE 1 - M3X PRES=5.S0801644E03+J7 43463919603
CURVE 2 - MAX R =8.123015867803+J1 . 307545 74E0 3
CURVE 3 - MIN R =4.278513650L03+J2 . 33233074E03
CURVE 4 - MIN X =0.94411630E03+J1.80753326803
CURVE © - RVG =6 13G263115073+073 314754945803

GERCET T st PRTER 2 4R (O7BQ




|

NEL CUMILARD ]
C.P. 1 S INCH CIRCULPR HERD
MID BAND  ENOFIRE (0,0)
LP=.3904 GP=E£+50 LS=.000C C9=E+50
100

-

Y W U N Ny Y

10

S W W T W .

-

5

T

&g 4

i

- !

= 1.0 |
-

o -

0N -

C) —

1} -~

_‘;_-’__’__’__’_—_,_’——'—’_S_IMM’_’—’_’-P
R 1 )
g5 2350 By 6550 RS0 ~7e

FREGUENCY
L3SS IN CERAMIC VERSUS FREGUUENCY

CURVE 1 - MAX PRES=3.70694CHBELH+J7 66828215804
CURVE 2 - MIN R =3.48842781E03+J7 . 1318CE3CHEC3
CURVE 3 - MAX X =3.43145181ECH+J7. 70014372804
CURVE % - MIN X =3.50512488E03+J6.9193C765E03
CLRVE & - RAVG =2 8189684 1EGH+J4 .83015054E04

SCALED TO KetE PRPER # 4G 6213




-
I

i o e T e WA 5 3 1

100 _

1
4

10

-~

C.P. 1

| L4 btt L [L_.LLJ_L_LL_ ORI CEU S SNy S N

PSR

e e et A Al ot e Ty

NEL. OUMILQRD 1 i g

5 INCH CIRCULAR HERD ]
MID BAND 30 DEGREE (0,30 ‘
LP=.3904 @P=£+50 LS=.000C GS=E+50

N Y e T g:“f

CURVE

!

l

¢ ‘I{\,U

I .
AYou 200

T "

dbu ke s

FREGUENCY \
355 IN CERAMIC VERSLS FREGLENCY 3
- MGX PRES=1 G134 7ACHEGH+ B . BUOINEATE 15 |

B ITEUI+IT  BEPHIHRBEL R 3

AN

373

CURVE 2 - MIN R A
CurvE 3 - MAax X = 1.0760d ELH+J1 L0B83E0H 30 U
CURVE w+ - MIN X =181 74008 E U - U9 AR 3RE R0 EGE
| CuRvE T~ Ay ST AGFSTRRTEGH+ IR 330211188
I Joi GLALED TC A+t PHPLR # 4k 6213
. _aN ] .
- ot e i sl sl it e it 2ieind

-

v e e -




PN LCERRMIES

L l’I ,E ’

NEL. DUMILQAD I
C.P. 1 S INCH CIRCULAR HERD b
MI[ BAND BROADSIDE (G,30) f
LP=.390% CP-E+530 LS=.000C GS=E+&0

1ea -

FER WY WY W I W

Y

T
j

L-bt

R U W O

1.0

O U W

)
'S

FREGUENCY
LSS IN CERAMIC VERSUS FREGUENCY
CURVE 1 - MOX PRp=5.5118G16844E03+ J7 . 434699101 13
(LRVE 2 - M&X R S B0T586T7E GA+JT .30 7CHL 7L LR
LURVE 3 - MIN R 4.7 01860 U3+ J2 . 33330 THEL 3
CURVE 4 - MIN X ST TRATE R T W BP7ER3CRELA
CURVE & - RVE SE T THAT TR G 2 T HPEUHEE G

SCALED TO K+t PRPER & 46 6213




10.0

—

I

1

1.0

U W

1

.

MeLe T

N

!

B R S |

C.P. 1

NEL. DUMI' ORD I

O INCH CIRCULAR HERD

MID BAND  ENDFIRE (0.0)

LP=.3304 QP=£+50 LS=.0000 QS=t+50

Ly

CURVE
CURVE
CuRVvE
LCURVE
Lukve

TR W

R A ] U S }
'rfgflu ?un‘ cabU AT AV

FREQUENCY

MisC
Nugx fF
MIN R
MHX X
MIN X

- HVEG

]
\C‘
VL

T VERGUS FREUJENCY

L3 708 MO4RE Q4+ 3760828210 U4
ISR N34 7 8180630403
S S I3THSTYTEQY+ U7 70014372804
© 3OS TTHYBE 03+ 06 2314930765 03
OGNSR0+ 4. 3301 905404




e e o _--Al-ull——“a—‘

NEL. CUMILOAD 1
cC.P. 1 5 INCH CIRCULAR HERD
MID BAND 30 DBEGREE (0.30) ]
i LP=.3904 QP=E+50 LS=.0000 QS=E+50 1
| 10.0 -
1.0
L . )
! J i,
> 0. ']
~; : {
]
|
Ko e f
LN, 23 oo ol AN o ’
FREQUENCY
’ MAGH 1Y VERSUS FREQUENCY

CURVE v - MEX PREC-T.E1347904E 04+ J6  £40 752303 280
CURVE 2 - MIN K S 3eRET IGTITON 7 eRHTHBREDS
CURVE 3 - MRX X 1 HEUYH 3BE Q4+ U1 L OBS3E0HSE OY

3 CuRVE 4 - MIN X =TSO - 5 3R 35T U
f LURVE & - RVE ST 035 R0 TR0 M L3 3RST TSRO S

ULALED TO X+t “RPER = 46 6213




10.0 .

{

} -]
| :
g 3

T T A
| 1

LP-.3904 QP=t+50

NEL. CUMILOARD 1
C.P. 1 5 INCH CIRCULAR HERD
MID BAND BRQOADSIDE (0,90)
L5=.0000 Q5=E+50

! - R . S S 4 3 b} 3 mn n
9 nl G
f : 4
) -
:* -
l - |
i &
| T
) = na .
) -4
: [N
:p. —
o B
N
Ol . e e
3 g nd b 2050 ceh ot
r FREOUENCY
- MR T VERGUS T KEQUENCY
CURVE 1 - Migx PREC 0 L0480 1094803+ 7 4 3463318803
CURVE 0 - MEX R 5. 190109R7F03+ 1 9075457460 3
CURVE 3 - MIN O L7951 IRGE 03 U0 L 390390 7HED 3
| CURVE B - MIN X S d IR ISHQ 34 U1 .80703 386803
| CURVE T RV FOVT ORI 3403 31400445003
1
L
SLALED T8 K+t PHPER & 46 BO'2




NEL DUMILOAD 1 f
C.P. 1 & INCH CIRCULAR HERD
MID BAND  ENDFIRE (0.0)

LP-.3304 QP=E+50 LS=.0000 QS=£+50 3
1000 ..
-
100 _|
~ = T TT———
o Mamﬁgﬁﬂ_,_,__.ﬁ_w——*——s——\-x
';:] ﬂrﬂ””‘/ﬂ/’ﬁd
% 10 \t‘\»\ .3
[oa— \\\_\ g
7 S 1
7 \‘“\\ "
-
-—1 L[]
_
i N — . o _
oot o0 AT orng o o7n
FREQUENCY
MEG 11 VERSUS FREQUENCY
CuRVE ' - MEX PREG=9 70694046 Q4+ J7 . 6688215004
{uRVE 2 - MIN R =3.4898477831503+J7.8130630480 5
CURVE 3 - MEX X =3 4ITHGIITIEQOY+J7 . 700143 72t O
CuRVE 4 - MIN X =3.3091 749800 3+ U6 - 319307651 03
CHREVE & - RVE 0031536941504 4 4. 830105 HEOH

GOALED TC K+t "RPER & 46 6213

T T TG T e 2+ -




i N o

NEL CUMILORD 1 3

C.P. 1 S INCH CIRCULAR HEAD ;
MID BANC 30 DEGREE (0,30) 4

LP=.3904 QP=E+50 LS=.0000 QS=t+50 ]

1000 . 3

- -

j .f‘

120 -

- y i
»* 3

.
» s-
g

FREQUENCY
MEGEE=T ) VERGUS T REQUENCY
[ukvE ! M PRE Oz 11 7H0HE Q4+ U 04 03365 78 U3
CuRVE MIN K =3.eh1 3100347 6604 1430 U
LURVE MHX X = 107609433 U4+ U1 .0F83F049E 04
CURVE MIN X 1 JHTHLYHEOY (9.35,3863510 00
[URVE Pyt 103 TRTTEOY s G 3IEDT TSRO

TOF WL
S,

T -~ A WP

WlALED TO K+ PRPER g 46 &




NEL. DUMILOAD 1 -
ﬁ C.P. 1 S INCH CIRCULAR HEAD f
| MID BAND BROADSIDE (0.90)
| P=.3904 QP=£+50 LS=.0000 QS=t+50
!
.
.
\

L
7

g

| G U

—
-
*
(W .
(D
. ay
= -
i -
; _
! —d4 l
| 3
- ;
-
¥
—— Ik
| A S
oo . JL Y50 ALY MRSIETY A 7{)'\)

FREUJENCY
MG Dl VERSUSG FREQUENCY .
(uRrve ! MOx PREG L SUSATEY4E 03+ 7 JH346 331980 :

CURVE 2 - Mux B 901901596 7E03+ 01 .30 2545 74F U
CURVE 3 MIN R =4.078919650 03+J2 . 33330 745 03

| CURVE 4 MIN X =5.34411R35E03+ U1 . 830753 3 R0 3
Culvi & kv FOUISTRI1003403 31404450 05

OLALED TC K+t FRPER 2 46 62'3




NEL. OUMILOARD I
C.P. 1 5 INCH CIRCULAR HERD
MID BAND  ENDFIRE (0,0)
LP=.3304 QP=£+50 LS=.0000 QS=E£+50

| S

1

SCELECTRIC FLIELD)

M&(5

0L . - e
CouL T o) L5 oFby oo
FREQUENCY

| MAGIELECTRIC FIELDY VERSUS FREQUENCY

(URVE ' MaX PRES:=3. 70694046 O4+J7 66828215004
CUuRVE 2 = MIN R =3.489842781803+07 81306304205
CURVE 3 - M&X X — 343145191804+ 7 . 700143 72804
CURVE 4 - MIN X =3.830517498603+«0F . 31930765L0 3
LolvE 5 HVG =2 310968941504+ 04 .33015008E 04

ol TR e ———. A

GCALED T K+l PHRPER & 46 B2!'3




MEGIELECTRIC FIELD!

10

et

|

Ol

c.P. 1

NEL DOUMILOAD 1 !
S INCH CTRCULHR HEAD |

MID BANC 30 DEGREE (0,30)

LP=.3904 QP=£+50 LS=.0000 QS=t+5L0

CuRVE
CuRVE
CURVE
LURVE

CURVE ©

r
Cuu

!
5
3
Y

1

o

L

i

i‘
e A A % .
yhp rehe PebL ron ;
1

FREQUENCY Y
MAGIELECTRIC FIELD)Y VERGUS FREQUENCY '

- MGX PRES-1.
-3.
=7
-1
=

- MIN R
- MRX X
- MIN X
AVe

E1847804E 04+ 1 640753637803
FELIIIHIEQ S+ U7 PB2HTH4SEEO S
076044 353E U4+ U1 ORS3E04IE O

1 HGIYE O 1995336351000
09357600004+ 4. 93F0 1T 19E 03

GORLED 10 S+t PRPER 2 Y6 6213 }'




NEL CUMIL2ARD ! 9
C.P. 1 5 INCH CTRCULAR HERD
’ MID BAND  BRORCSICE (0,900
i LP=.3404 QF=E+DHU0 LS=.0000 QO=t+L0

1.0
5 ]
' Bl |
i\ — -
. ¢ — —
N o
1 LA —
: = i -
de -
- |
p— -
(el '
F.._
'_)
[
)
— b
Les =~ l
.:n’ﬁ -~ 1
T - X
> _
4
|
¥
14
Ol 0 A S e e SR SR A
AR A Jf,ll.‘v HLU Juhe A ST DT}LL} i 1

FRENUENCY

MG ECTRIC FIELE VERSUS FREQUENG) .
CURVE 1 MuaX PRES G LUS01RdHE U3+ 07 4 3b53 1 9E 0
CORVE L MEX R g T0TNR R0 5] A0 704G iU
CURVE 3 - MIN B =4.0790 1R5E 05+ 0 38039074503
CURVE 4 MIN X =5 34411655 U s 01 3070 330REDS
LI SRR B s E PRSP TAIC RN AR

" 4

- -

v e e -

O ALE

D TQ Ak PHPER & 46 6213




HIGH BAND

g

TRACOR, Inc.




M ]

[KIL

G

17

MGG

10

[a'alalal

L WL © R

[alalnlal

el g

1088

SN U S W U U O

C.P. 1
HIGH BAND
LP=.2738 0QP=E+50 C(S=.2933 No:=

FREQUENGY
MECZ 100 VERSUS | REQUENCY

GLALED TC X+t PAPER # 46 6213

5 INCH CIRCULAR HEAD

0

S o s R
" i 1y -~ ™ -
U0 ahCT 2700 290¢ AC Y

ik




[KILARMS]

ML 2800 )

NCL UUMLLUHD L
c.P. 1 f, INCH CIRCULAR HERD
HIGH BAND
LP-.2738 QP=E£+50 C(S=.2933 05=0

| Y W WO U N

10

PR
il bk

e

O 4

FREGQUENCY
MG REOC) VERSUS FREQUENCY

o0 oHOC ~700 oo ~dhe doe




NEL CUMILQAD 1
C.P. 1 O INCH CIRCULAR HERD
HIGH BAND  ENCFIRE (0.0)

LP=.273% QP=E+050 (CS=.2933 D0S= O

| N

1

1

MGG ZIN)

|

|

73

CuRve

Moc b o oo e
FREQUENCY

MHGT 2IN T VERGUS | REQUENC Y

- MAX PREC-H .03 707618 04+ J5 .45 3039 750 04

- MIN K =3 OTRST B0 3+ U9 873519800 S
- HVL -3 000ESSSCE 04 5 L 78TRRGE O

GOCALED TQ K+t PHPER 2 4B 6213

T

it

- X e ————




e — e s

i ;

MESEZTN

103888

i

1002

ala}
(S

CURVE
CURVE
CURVE
LURVE
CURVE

Lii,

LP=.273% QP-E+B0 (S=.2933 D0S= O

R EY: - S I
FREQUENCY
MAGI 2TN) VERSUS t REQUENCY

Do MGX PREG1LEDINCOSTEN +J8. 10059049003

O MIN K03 0974980E03+ 0901288 7998 0

30 MAX X 3.44270071E03+01 2061 7BORE 04

GoMIN X =3 7I84509FE 03+ U1 .50307033E03 4

LRV 3 GG Q3 06 3INGLORED S ;
!
g
]

C.P. 1 O INCH CIRCULHR HERD

NEL DUMILQARD I

HIGH BAND 30 CEGREE (0,30)

iéﬂJnlgj&LjﬂﬁﬂJLﬂLﬁnl_Mﬂjhll




B i U

NEL DUMILOAD 1 "

cC.P. 1 5 INCH CIRCULHR HERD
HIGH BAND BROADSIDE (0.90)3 |
LP=.2738 QP=t+50 (S=.2933 DS= O

108828 . ]

IN

r+

MEL

-
e . o
o500 OROD o7he ~dop o e sthe

FREQUENCY
MEGEZTINT VERSUS T REQUENCY

CURVE Y - M&X PREG=L GBTI067HSE03+08 103003168 0 s
CURVE D MEX R SRS NSRS SV EN NI SO WIS S S

LoRvE 3 - MIN R SE AL ICIE IOUNE R R N B E T I BN XY LS D A
CURVE o MIN « b PR AY IS U S ST 0S 005 DA
CURVE 1 ki SO LDTENTIO3E T s AR IR R 03

{" GEALET TO (st PUIEP g 4 RO 2

T T TR -




SECZINYD

PHHO

CulvE 3 - RV

NEL. DUMIL.GAD |
C.P. 5 INCH CIRCULHR HERD
HIGH BAND  ENDFIRE (0.0)
LP-.2738 QP=E+50 C(S=.2933 D&= U

150 _
120 |
W e e
3 - /
-~ /
y
|
| /
* P
- ?U _‘1
LS HO N e el o ) . )
pen ~AoD ~7bo rda0 odhe oo
FREQUENCY
PHIECE T Z2TND VEQJU) REUUfNEV
(URVE Y - MEx PREC S 0G0V ETEOH AR NN
[uRYD MIN K . i 164941 FL“J‘ “3 2373145 0

J UODESISCE Qs+ 05 OH 78 Tkt O

GLALED T3 K+ PRPER # 46 U780




(21N

ot

PR

LP=.2738

130

J 4

L —

~120

R O
SR oy ]"'r] ﬁ7l[‘vr 'u{" .
e [ {hU\. R i et

(URVE

CukvE

CURVE
CURVE
LuRVvE

C.P. 1

- MIN R 3

s T

NEL. DUMILOAD

5 INCH CIRC
HIGH BAND 30 DEGRE
QP=t+380 (&= .c

7
/“ .‘/
2
s A
J / Va
ki ’/'/ ) /
/‘ e
S M A
" - ;oo
T L
— - 4 7/

FREGUENL Y
PHESE " 2IN T VERGUS F i
MEX PRE =)
3
MUX K e 00T
MIN =3 {
V! . :

F3FAOE

{ "
{
SR IEAN

L0330

Hk'«lw’ L

1EAD
-30)

J5= U

7 ”‘&//”%
P
/'//
~ahe it
Lt NUY

F TONSBSOHSE 0
SRR IRE PSS RIS S
OB B U
OTINO33F 0
<L IRA0G50F B0

SOALED TO K+t PAFER & 46 0780




SECZIN

HHS

NCL BUMILGHU
C-P. 1§ INCH CIRCULAR HEAC
HIGH BSND BROADSTDE (0.90)
P23 QP BB (82 0333 D6

[

[Sal
180

i
1;0#

-190 4 I U
el 1. ' N U B .
J A SE 700 o ”

T REQUENCY
PHROL " ZTNT VERGUS FREDUENLY

jﬁﬂC

[ uRVE Mox BRECC LY IOOHHSE 0 3+ 05 103014160 0y
CukvE o Max R NIRRT RN /J%qjxgﬁiti
LukvE 3 MIN K 2373630 OTED s+ L B4L20HENE O
Cukvl 4 - MIN X 7763000 S T HTNS300 380
Cubvie 4 Ry CONTEO T e R 789780 073

GLALED TC K+t PRPER =

46 C780

At




b
| 1
‘ NEL DUMILOAD 1 {
| C.P. 7 5 INCH CIRCULHR HEAD
| HIGH BSND  ENDFIRE (0.0)
= LP=.273%  UP=b+50 (%=.2933 DS= 0
b
|
|
‘! | /,
| %
1 4 ~< '//r
o
— 3 R -,/r
i. > e
] > e
" &; o o 1 -
- - - '
|
|

J‘J}:\M - ;‘F;IJ,S - 7'(;‘ :%J 'r'_“JLﬁP '8"4]{\'(‘- BU}JJ
FREQUENLY
Mgz vt D0 VERGUSY EREUCTNL Y
culvlo Mo PREC W0 3370 /60 saat 2 ]
CulvD o MIN K A NS R IO IS AL TR SR R b 1}
LA T RTINS i o B I O T S A N Y U

WORLED T2 Wt PSPER & 4R CTBC



MES T

et e v INLA Cone RIS

HIGH BAND 30 DEGREE (0. 30
LP-.2738 QP=F+50 CS-.0333 00-

i
| ]
|
' =
| ps
“ >
! o
| <
| -
.
[N
c 0 : S
3 ‘ o0t 2600 'f;‘YEJU 2900 C})D EHOG
T FREQUENCY
1 MEGIVH/T) VERSUS 1 REUUENL Y
CURVE 1 - MAX PREG=1.653020810 04+, 100 5048603
| CURVE 2 - MIN R =3.03974950603+ 0. 01298793603
; CURVE 3 - MAX X =H.44770071003+ 1. 06 PR0REOY
P CURVE 4 — MIN X =3 73945096 05+.01 L0 307535007
i CURVE § - HVEG 23 90344 TED e BISONLRRED S
Lo

I OCARLED T A+t PRPER & 46 C78C




MGG VH/ 1)

SR

C.P. 1 5 INCH LIRCULAR HERD
HIGH BAND BRAADSICE (0,901
LP=.2738 QP=F+50 rc-.7331 09= &

CURVE

CURVE
CuRVE
CURVE
(URVE

L‘,x:’—f\‘ | H,‘HTJC- 2750 2-4‘03 Cihﬂ_ - Py

MREUUENCY
MSG v/ 1) VERSUS | REQUENCY
! MEX PREO=GL 832267488 053+05 . 17301916005
S - MREX K =7.04907449E Q3+ 0 - 79955 73 05
3 - MIN R =378636031E05+ 03 b4000550 05
4 -~ MIN X 6L TIEFHINCEQ 5 0] TS 500580 5
v - RVL =5 07857123005+ 4.0 789780 0

SUACED T A+t VRPER &2 Mb 0TS0

Ml p, | it o ictoan

i
@




FPrHsE fvH/ T

NEL DUMILOAD I
C.P. 1 % INCH CIRCULAR HERD
HIGH BAND  ENDFIRE (0,01
LP=.2738 QP=E+50 C(CS=.2933 04= 0

60

2
1

db
'

== T
R S

=120

-1]n

[0 )

oo e obe ede oo b
FREGUENCY

PHHSE T VH/ T T VERSUS FREQUENCY

CURVE ' - MAX PREG-H 03970761504+ J8 . 453039708 M
CURVE 2 - MIN R =3 5016849178075+ 09.7873514988 03
CURVE 3 - AVG

= 3050605332 Q4+ 10 T T8TRRLE U4

LCALED T X+ PHPER & 46 (0780

PO I

ooy

"y




h!vv_‘__m*“u-x____.___ T . — — -
' e T T T T T T T T I I T T

NEL. DUMILORD ! 9
C.P. vt 5 INCH CTRCULAR HEHO
HIGH BRENC 30 CEGREE 10,30)
LP=.2738 QP=t+50 (8=.2933 Do O
13C

B

- ) ML 5 2
N W & —d b o
T
-
s
I
an
I .
o -Bd
1 !1
j ~-120 ] ;
p: “‘
| i
' ~-19C 7 - e g , l
i . o ~!
260 PRED o700 2800 P30 0 ;

FREQUENCY
PHRSE fvid/ TV VERSUS FREQUENCY

b
!

CuRvi ! MGX PREG:1.65300281F04+J5. 1005304588073
CURVE 2 - MIN R 0 PFHBOEC 5 U9 01085799803
CuRVE 3 - MHX X 77007100 3+ 01 208 7RARE DY
LURVE 4 - MIN X =3 BHLHOYREO S ) O30 30T
CURVE O - AVG SCIE SR EE R SUS N SR RN o S B

LOALED T2 A+l PRPER = N6 Q0780




PHHOE Vi 1)

NEL. BUMILAAD I
C.P. 1 5 INCH CTRCULAR HERD
HIGH BAND BROAODSTDE (0,90)
LP=.2738 QP=E+50 C(&=.2933 0S= O
150
|
|
120
|
B2
BT _
-1 ]
S
V,‘;
E ~ -
2503 2RCR o700 P00 20 o I
FREQUENCY h
{

PHARSE Tvr/ T ) VERSUS FREQUENCY
CURVE 1 - MaX PRES=0.33206748003+0% .1 230131680 5
~ MAX R =7.04907443E03+J0 799807960 U

CURVE 2

CURVE 3 - MIN R =3.78R3ELU1E03+ 03 F40L20H85L 05
CURVE 4 - MIN X =B.77634102803+J1 . 410533023805
CURVE L - RVG =5 0785723005+ 04 L6789 /8005

ERETTTN A YTER g 4R 0TS0

S e —— . .

aalal TR



) NEL. DUMILORC I
F C.P. 1 5 INCH CIRCULAR HERD
; HIGH BAND  ENDFIRE (0.0)
| LP=.2738 QP=E+50 (S=.2933 DS= 4
1.00
|
N"‘“«\L_\_\ e
\\\\ - ]
> .9p _J
(&)
=z
o
<
- 34 T i
L i
.—J \a\\
= I ;
™.
|
¥
30 . . .
2500 opoC 700 ogoa 00 oo i
FREQUENCY j
TOTAL EFFICTENCY VERSUS FREQUENCY \
CURVE 1 - MAX PRES=H.03970761E04+J8 49203976t 04 :
CURVE 2 - MIN R =3.5016891 7603+04.08735198003 ;
CURVE 3 - AVE ~ 305065990804 +J5 00 781 6RO

S ALED TC ket PAPER & 46 078C




TATHL EFFICTENCY

[ o o .

NEL CUMILOARD 1
C.P. 1 S5 INCH CIRCULAR HERD
HIGH BAND 30 CEGREE (0.30)

LP=.2738 QP=b+50 C(CS=.2333 DS= U

1.00 _

39 —a————:ﬁ:;::;ii:ijyyhﬁﬁﬁ~M¥‘“““““

| S
L—‘——‘—~—_‘“‘“—~4~\~“\K\xw\ —s
.
W6 _ \
e
Y \\\\
\\\&\\\\\\\
\\\ﬁ
M =
|
.90 L
o03s cBoe p7oo dog dho adae
FREQUENCY
TOTARL EFFICTIENCY VERSUS FREQUENCY

CURVE ' - MAX PRES=1.6530£281E04+J%.1008304%F03
CURVE 2 - MIN R =3.538748980E03+04.01285 793803
CURVE 3 - MAX X =9 .44770071E03+J1 . 2061 7606E 04
CURVE 4 - MIN X =3 . 73S UYeEN3+ 01 B23075 33003
CURVE & - RVG =9 139594457803+ 0F . 388005068 0

SCALED TO K+t PAPER & 46 0780




BulbABEs BN TIW,, o OF

RIS el & 4

NEL DUMILOAD I
c.P. 1 S INCH CTRCULAR HERD
HIGH BAND BROARODSIDE (0.90)

LP=.2738 QF=t+50 (CS=z.2933 04z U
i 1.00 _
\
'; 39
F‘—“q-%—q\\ﬁ‘\ \\\\
T <
o 9 _ T
= SR e
- —— 2
n = e
o
.
[an
—
[\
= 0
4
30 . L
a0g 2600 2700 o900 2300 3t
FREQUENCY
TATAL EFFICTENCY VERSUS FREQUENCY
CURVE 1 - MGX PRES=5.873226748E05+08.12301916L 073
CURVE 2 - MAX R =7 .0490 74498 03+ JC . 79953 790E O3
CURVE 3 - MIN R =3.18F3ECYTEQ 3+ 5 AL HS5L 03
CURVE 4 - MIN X =6 .7763410CE03+J1 . 41083003805
CURVE S - AVG =5H.078597123E 03«04 .80 79478 U5




LASS IN CERAMIC

NEL OUMILOARD 1
C.P. 1 & INCH CIRCULAR HERD
HIGH BAND  ENDFIRE (0.0
LP=.2738 QP=E+50 C(S=.J933 [S=E+50
100

.
-
_{
10
]
i
1.0
T T —4-
_,—-—'-‘-'——"l —
" "_NJ—F’H- —
PEESEEEES Sl
1 o 2 f':j
D Ao >3ho e
FREQUENCY

LOGS TN CERAMIT VERGUS FREGQUENCY
CURVE 1 - MAX FRES=YH 0397078 1F U4 +U08 453039708 04
CURVE 2 - MIN K =3.5016891 /E03+19 .28 /32 198F 03
CURVE 3 - RVO =3.080854982E Q4+ J5 . 7L 78 1ERUE U4

e e it ol -

4

Ty

*
il

-

i il

O P - S 20 W

L

. _qlﬁLnLnun‘u-nh—--nunnhjhﬁi




Ve TATT NS T e TR G

LT T e

LOSD TN LERAMIC

NEL DUMILORD ]
C.Pe 1 5 INCH CIRCULAR HEAQD
HIGH BAND 30 DEGRFE 10,30)
LP=.2738 QP +50 C9=.0933  Ds=f+5y
100

?

B I v S i
FREQUENC ¥

COSSOTN CEREMTL VERCO FREGOE N

4 I e
B e = S e
— o e

CURVE 1 - MAX FREL;?‘FLROfdﬂlFUW+Wh=7UUHSPWGfU1
CURVE O - MIN R 3&:78?HGGPFH5*\1~U?£8€fﬂﬁftd
CURVE 3 Max x4 gy FIECE T L
CuRve 4 My x 39t Ly SN

,,,,,

CURVE gy R R I N RTINS IR




NEL DUMILOAD | .

C.P. S5 INCH CIRCULAR HE[n
HIGH BANG BROABGS 1pE (0,90
LP=.2738 GP=F+50 C5=.2933 DE=F +&p
100 |
;
7

|
!
l
i

10

10

!

) AT PF;UU A 7530 N\_?gﬂf.' WLEBB\ o Miaﬂ{?

FREGUENCY
L TN CERAMIC VERGUY FREQUENC
CURVE ) - MAX FRFS:Qq8392ﬁ748FU3+J8tJZBUISJFEU&

LURVE 2 - MAEX R 77L04807H49FHB+J?.79985796EU?
CURVE 3 - MIN R :3«?8638&9?5U3+J3-F45?b%8“5U3
CURVE 4 - MIN X :8(7763WIO?EU3+J]L%IUR3UC3FU3
CURVE & - bVEG LU:U78571€3503+J4.58%/89?8503

k
L\% — SLALED 19 K+t PLpPER ® 45 B 3




NEL CUMILIRD 1
c.p. 1 C INCH CTRUULHR HEHD
HIGH BAND  ENOFIRE 10.1)
LP=.2738 QP=b+b0 CS=.2933 0b- O

0.0 _,
-
- 0.0 ]
i ]
| - |
l s .
| = 0ol
| :t:—h:ﬁ%l“-ﬁlm“~«\\ \
:H’__ o T “T:?MQ‘&“?‘
| ~ \
i - e
| A3
| ol o ,
l 250 CRO ~ 700 reloe ~7ho xoa ~.§
l FREQUENCY
b
, M3G( 1) VERSUS FREQUENCY |
! CURVE 1 - MEX PRES=Y .013370761E04+ J5% . 4535039 750 U4 j
i CURVE 2 - MIN R =3 00168991 7EQ5+U9 . 28730198503
g CURVE 3 - AVE  =3.050F5990E e S 75 78 1RRLL O ‘
: t}
’ |

__ OCALED TQ K+ PRPER & 46 B2l



MELT]

i | S N SN I { iIfleli) i S R S T O
)
3
B

10.0

c.C

NEL. DUMILAED |
C.P. 1 S INCH CIRCULHK HERD
HIGH BAND 30 DESREE (0. 301
LP=.2738 QP=t+50 (&=.2933 Doz U

n
[
3
4
)

oA che oo oo

FREQUENCY
MAG(TY VERGUS T REQUEN Y
- MAX PRES=1.6530£081E 04+ 1. 1IN0 U s
CMIN R =3.5397480E0 5 0 01098 75
COMAX X =8.447I007TE0 3 0] LU0 TR0
SOMIN X 23 739400dR T L R0 E e
~ R0 S 15 D (TR L L ST R P N A SR




MESOT)

10.0

ity

I\

o
)

NEL. DUMILOAD 1
C.P. 1 5 INCH CIRCULAR HERD
HIGH BAND BROAOCSIDE (0.90)
LP=.2738 QP=£+50 (S=.2933 DS= O

b el L b

I 1 L%llk

L

0.1

it 1 LRl

1

0L

T
»
=

r
P
(%]
a3

CURVE 1
CURVE 2
CURVE 3
(URVE Y
CURVE &

)

}

SRS =700 2400 agno oo
FREWUENCY

MAG( 1) VERSUS FREQUENCY

MAX PRES=S.83226748E03+J8.12301316E03
MAX R =7.04807449E03+J2 . 79985796E03
MIN R =3.7863E591E03+J3 .64525485£03
MIN X  =6.77634102E03+J1.41083003E03
AVG =5.07857123E03+J4 .58678378E03

AT T

)
T el TR L,

TR T

!
|
P
l




NEL. DUMILOAD 1
C.P. 1§ INCH CIRCULAR HEAD
HIGH BAND  ENCFIRE (0,0) |
| LP=.2738 QP=E+30 C5=.2333 DBS= 0

100

{11t

MAG! Ex 1)
|
|

e et e A

A1 it

1

e oROD 2700 ~doa oaho oo
| FREQUENCY
MAG(ExI) VERSUS FREQUENCY

‘ CURVE 1 - MAX PREOS=H.03970761E04+J5.48303375L04
CURVE 2 - MIN R =3.50168917E03+J9.28735198203
CURVE 3 - AVG =3 05065932604+ U5 . 2578166504

|

SCALED TC KeE PAPER & 46 6213




NEL. DUMIL.GAD !

cC.P. 1 O INCH CTRCULLAR HERD !
HIGH BAND 30 DEGREE (0.,30) E
LP=.273% QP-E+50 (CS=.2933 0DS= U :
1002 .
.
]
108 : 5 |
5
=
a
> e ]
] i
-ﬁ ‘!
l -
o500 5A00 o7bo P800 odno alae
FREQUENCY

MAG(ExI) VERSUS FREQUENCY

CURVE. 1 - MAX PRES=1.65302281E04+J% . 10085048803
CURVE 2 - MIN R =3.53974880E03+09.01288733E073
CURVE 3 - MAX X  =8.44770071E03+J1.2061 760604
CURVE 4 ~ MIN X =9.73945096E03+J1 .52307C33603
CURVE & -~ RVG =9 .89094457E03+ 06 . 33905026803

SCALED TO W+t PAPER & 46 6




RO S

; NEL. DUMILOAD I

C.P. 1 & INCH CIRCULAR HEAD i
\ HIGH BAND BROADSIDE (0.30) i

LP=.2738 QP=t+50 (8=.2933 DS= O §

¥
10C _J !
* |
N
= 10 _
B g
1 .
2600 2600 o700 900 23np oo g
FREQUENCY i
MAG(Ex!) VERSUS FREQUENCY :
CURVE ! - MAX PRES=5.83226748E03+J8.12301916E03 1
CURVE 2 - MAX R =7.04807449E03+ U2 . 79985 79RF 03 !
CURVE 3 - MIN R =3 .78636591E03+J3 . 645254851 03 I
CURVE 4 — MIN X =6 .77634102E03+J1 .41083003E03 g
CURVE & - RVG =5.078597123E03+J4 .58678978F 03 i




MBGIEL ECTRIC FIELD)

NEL. DUMILQAAD 1
C.P. 1 & INCH CIRCULAR HERD
HIGH BANDC  ENDFIRE (0.0)
LP=.2738 QP=E+50 C(CS=.2933 D0S= O
10

N U T T B

1.0 —
e

P iiidd | J\l

d

1

O1

0 R0 2700 ~doo agho oo
~ FREQUENCY
MAG(EL ECTRIC FIELD)Y VERSUS FREQUENCY

CURVE 1 —~ MAX PRES=4.03370761E04+J8 . 48303376104
CURVE 2 - MIN R =3.50168917E03+J9.28735198E03
CURVE 3 - AVG =3.05065332E04+ U5 . 2578166504

]




|

1

;- NEL OUMIL.URL 1

- C.P. 1 5 INCH CTRCULRPR HFAD i

\ HIGH BAND 30 DEGREE (0.30)

| LP=.2738 QP=E+50 (S=.2933 0S= O

10 . ‘

:3 .
: 4

MESOELECTRIC FLELDY
Ll

i

0600 o oo oo o adee
FREQUENCY

MAGIELECTRIC FIELE) VERGUS FREUUENCY

CURVE 1 - MGX PRES=1.65302291804+0%9. 10055048003
CURVE 2 - MIN R =3.53974830803+J4.01.8% 733803
CURVE 3 - MARX X =8.44770071E03+J1 . 2061 76060E U4
CURVE 4 - MIN x =5 739450968 03+ 01 .22307033803
CURVE & - RVG =3 .89534457E 03+ U6 - 333050268 03

GLRLED TC M+t PAPER = 46 '3




MEE b
: o NLH L .3 A VI WTEE RN N 'i
HIFH BAND BROAOSTDE (0.90) .
LP=.2738 QP=zb+50 C(&=.2333 DO= O 5

0.

10 i
] 5
° G |
{ = ]
g [, — ]
= | |
'—\.
N ]
: o .
: Ny —
‘rv : = - §
01 , .
2500 oRD o700 od00 agbn o |
, FREQUENCY \
T MAGIELECTRIC FIELD) VERSUS FREQUENCY y
§ CURVE ' - MAX PRES=5.83226748c03+J8.12301916E03 ;
% CURVE 2 - MAX R =7 .04807449EQ3+ 42 - 79995796E03 :
; CURVE 3 - MIN R =7 . 7963659 1E03+J3 . F4525485E03 '
CURVE 4 - MIN X =6 .77634102603+41 41083003E03
CURVE & - RVG =5.07857123E03+U4 .08678978E073




e RO e A S T B

o




I gooWnviag 39

A0S S&IALS

Sam SINYASD =-D31 =031 |
coa awd
U.j,QNWUI/r ﬂﬂUmPnQ an3 J_d...r\
> B <. Z \ \
= L . L o oL =Y
T T T nﬁ - : i EEEEE Bl tet & — e WV
SENNDERSEYTE
< F C \_H - M - T P P -

| DWG 6-25-32

TRACOR, INC

@

v
v
»n
<
»
w
-
z
-
L3
=]
«




7y Wi A U, A e e T R, IO giaty y R S WA I b gl £ L i

GEMERAL ELECTEIC
DLMILOAR T C.P I
5 INCH CiIRCVL AR HEAD

s

LOW BAND Le xpucee

o,

Ls =1.88GI36480 X 10" Qsg=10%° '
Lp=3.742827382 X 10" Qp=I10%°

MID BAND Cp XDUCER

O

Lp =3.7770%0378 X 10" Qp =10

HiGH BaMD cp XDUCER :

(¢ g

Lp=2.7623734Q61 X 10" Qp=\0%° ;
Ca=3.3731780 X 1079 g =0.0 4

TRACOR, iNC \ DWG B -36 -2
AUSTIN, TEXAS S 9- GG LAGROME/ S




IR R e e -

; 20=4n006N6"T £P-30pGe0GY2 £U 3000000, 21

w “19N37 v3yy ALISN3Q SONIY 40 °ON
i 00 3»9b626° 2= o0 3IJp9p0g2°T G0*3000pps 't 20~30008L2°%2 »3I23(ce009'2- 31-3066020°t
| AMYNIOwWl IV Iy AMYNI YN Tvau ANYNTIOYNM] Tvay

: £og3 £6859 ££LES

SHILIWYHYH DIwvN3) LR FYl)
SISATYNY 433ansNYy; w04 SHILINvNVd L1Ndv]

€0 300090T°c  20-3000692°T  ghe3npoveY e T0=3000000°'% g0 F00s0us‘R 3 T )
d¥D QN3 Qvam

PO ALODPG G +(-3000702°T  y0e3ppgre2 ‘s T0=3000¥To'y g0 3000008°¢ 0 3
a0y sS3Nig

£0 3NN0063°G  po-yn0rgce T 20-3060692't  20+3060086'c  ¢p 2000008« 0 2
£6 3006057 'C p0=d4npppog e vO=30cacel s 20e3000006°T gp 2000008 °¢ 0 1 ;
dv¥d aN3 lv|
ONNDS 40 * T34 3444 ‘oN IWYN
IYNIanLIonNgT YANY (HDIH VIKY | 431 HiANTT Abtsnaa 338td 33314 NO[4I336

TONINOD INFNEND
HADNASHY L JAT DY
SHS A vMvd TIvTNI VN IITMIZ3INI0731d-NON

teN1N)=6T a7 M i 90761/ Alva




i by I 1O i AR L8

TRACOR, Inc. |

i PPy R A e 2

ey gl

ol it

b
P
H
t
]
4

LOW BAND

pgalihs Aty yry e




el e ———

Pl i

g

R amaier it N, il

>

N
-

1.

[ KL OHM

MESOZTal !

C.P. 1

5 INCH CIRCULAR HEAD

LOW BAND

LS=.1886 0S=E+50 LP=.3730 QP=E£+50

1000000

oo bbbt

Lo

100000

P N U U O O S

i.

10000
:
—
4
-
¥
)

-
i
1000 4
A
-
4 //
3 ’//l
/,,
_1
e e
aucs 2100

- .
oA P%m

FREGHENCY

~uho Al

MAor 21000 VERSUS FREUUENCY

CALED TO K+t PAPER #& 46 6213

e s ki

Soaalia A o




et TS e A o S /. AN AN 75 i s RGNS SN S U A e n N WPt o ¢ 1

i [ S W Y SO T I T RS

: C.P. 1 & INCH CIRCULAR HEAD
' LOW BAND
LS=.1886 QS=E+30 LP=.3750 QP=E+50

100 E

‘3

R e R s e

A
k | /_,'""
3 //
3 ~ -
. »//
p— l
5 ' .
{ i0
] ////
. t
*, /

0N U W U U W
/"ﬂ’

S

1.0

iy

CATLARMG

; L
i 7] s
3 A
‘ —
]
(’;3. — |
X 1
% .
Ny
g
; ]
g B
y ]
. -
-J ]
7 \
L
By
q
{
1 - '
T L o
onn N w%u ~Inn ﬂkﬂ Edm I

FREUUENCY L
MAGr ZE(JC T VERSUS FREQUENCY




M,HG( ZTN I

GE DUMILQARD 1
c.P. 1 S INCH CIRCULAR HERD
LOW BAND  ENDFIRE 0,0)
LS=.1886 QS=E£+50 LP=.3750 QP=E+50

100000 _.

K_L | T W U 1 A U O W A U O S
"." 5

\

\

\F

4

3

\

1~
. -
—— 3 /,_'-'—'
.,—-"’-’ —/—""J’
[ P
. o=
000 4 P
— _F
— =77
™ >
j\“‘\ e
1 \\“\ Iv(,'
\‘ ’r'-
\ I
§< P
2o oo T?ED 2460 2400 DS

FREQUENCY
MIGOZTNT VERSUS £ REGGENCY
[LRvE 1 - Max PRES.

AT S MIN X

- A.055%90054F 04+ Jb 845894058 U4

PRV MINGR 306295372t U5+ d6 100200508803
1L T300970E034 U5 13126805 /EUS

[ RyE A A0S T O 4 3501635 7804

|
i
!

CURLED TO K+t PAPER = 46 52‘.3 H



2N

MGG

LS=.1886 (QS=k+H(

108atn

[ T S O

i-

L

180388

L L bbbkt

—

GE DUMILGAD 1
CP. ] S INCH CIRCULAR HEARD
LOW BAND 30 DEGREE (0,30)

CLRVE

CURVE .
CURVE |
CURVE
CLRVE & -

CURVE

mg 200 »dnn

FREGUENCY

MAGf ZINJ VERSUS FRELUENCY

caBe377 7803

MOX PRESZT 703594 081E04+J5

MaX R =1 . 72759 79E 04+ U3 .
- MIN R -3.18166353E03+Jb .
- Ma¥ X =1 4610751804+ U1

MIN X 140960724990t 03 -J1

AVG 21T TROUECHE R

LP=-.3/C0 QPzE+50

QHEU 600

194188838F 07
1837553803

SUSCRERYIN A
WOBITEILTECA

812510498 U3

|
|
|
|




GE DUMILGAD 1
C.P. 1 5 INCH CIRCULAR HEAD
LOW BAND BROADSIDE ¢0,80) 5
LS=.1886 QS=b£+50 LP=.3750 QP=kE+b0 i
100000 -

O WO WO Y O W

L

10000 % |
! H
4 :

;
-

MGGTZ N

Lo

20100 2100 2200 ~ma subo e |

FREQUENCY |

MAGI2TN) VERSUS FREGUENCY |
(URVE 1 - MOX PRES=8.62318751E03+J3.54354775E03
CURVE 2 - MIN R =4.04152567E03+J1 .£8332186E03
CURVE 3 - MAx X =4.71313038F03+J6.22775241E03

3 !
CURVE 4 - MIN X =5.481913C9E073 -J1.07736008E.02 , ik
CURVE &

- Ave -5.320825910E03+J3.08428731E03 | !
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GE DUMILGAD 1
C.P. 1 5 INCH CIRCULAR HEARD
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LS=.1886 QS=£+50 LP=.3750 QP=£+50

180 _
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-120 4 i

-180

odng o100 oo 2doo ~ubo ot00

FREQUENCY

PHASE( Z2IN1 VERSUS FREQUENCY

CURVE 1 - MAX PRES=3.08530054E04+J6 .84583403E 04
CURVE 2 - MIN R =3.06295372EU5+J6.15220308E03
CURVE 3 - MIN X  =3.57300970E03+45.1912603 703 \
CURVE 4 - RVG =2 44205725604+ J4 . 3321635 7E04

SCALED TQ K+ PRPER & 46 078D
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FREQUENCY
PHASET ZIN) VERSUS FREWQUENCY
CURVE ' - MQX PRES=1.70359u401E04+J5.28297277E03
CURVE 2 - MAXx R =1.72789279E04+J3.19188898F 03
CURVE 3 - MIN R =3.18166958E03+46 . 1837553203
CURVE 4 — MOX X =1 UB10781ECH+J1 .00632375E04
CURVE § - MIN X =83 .09602336EC3--41 .58026357E03
CURVE & - AVC =1 . IY146533F C4+J3.81251049E03
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FREGUENCY
PHASE CZIN ) VERSUS FREQUENCY
CURVE ! - MAX PRES=8.62318751E03+J3.54954775E.03

CURVE 2 - MIN R =4.04152567E03+J1.58332185E03 !
CURVE 3 - MAX X =M4.71313038E03+J6 .22775241E03 !
CURVE % - MIN X =5.48191309E03 -J1.07796008E02 L
CURVE © - RVC =0 .92(082810E03+ 43 .08428731E03 |
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C.P. 1 5 INCH CIRCULAR HERD
LOW BAND  ENDFIRE (0,0)
LS=.1886 QS=£+80 LP-.3750 OQP=E+50

0. R - .
T .
~uno ~10g e >doe a0
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CURVE 1 - MQX PRES=3.05590054EU4+db 34084405004
CURVE 2 - MIN R ~3.0684353728 05+ Jb . 100205000 05
CURVE 3 - MIN X  =3.57300370E05+J5 1912k 20
CURVE 4 - RVC 22 M09 7250 4+ 04 . 3571635 7804
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FREQUENCY
MAGryvH/1) VERSUS FREWUENCY
CURvVE ' - MAX PRES-1 .70359401EQ4+J5 . 28297277803
CURVE 2 - Max R -1 .72759373F04+J3.19188898E03
(i iRVE 3 - MIN R -3.181669%8E03+46 . 1257553803
CURVE 4 - MAX X -1.14B10751EL04+J1 .006323 76E04
CURVE & - MIN X -3 9607936103 U1 .5R0P635 703
CURVE & - RVG S 14145 09F 04+ J3 .81 251043803
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MAGIrvH/T) VERSUS FREQUENCY
CURVE 1 - MAX PRES=8.62318751F03+J3.54854 77503
CURVE 2 - MIN R =4 .Q4152567E03+J1 .58332185803
CURVE 3 - MOX X =4.71313038E03+Jb .27 7524 1E03
CURVE 4 - MIN X =5.48191309E03-J1 .07796008EC
CURVE § - RVC =5.320872810F03+J3.08428731E03

SCALED TO K+& PHPER & 46 0780
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CURVE 2 - MIN K ~ 3 0B 95372 053+0B 152203061 153 2.
CURVE 3 - MIN X -2 C3N0IT70F 0 JS 191 2R03RVED S ‘
CURVE & - RVE A0S 70 Y e U L 3351835 7 0
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CURVE 1 - MAX PRES=1.703534C1E0OH+US . 83287277803
CURVE 2 - MAX R =1 72759373504+J5r J188698F ?
CURVE 3 - MIN K -3.1816649%8E03 Jo . 183378032 02
CURVE 4 — MAX X =7 I4B107C1EQH+ U1 Q00323750
CURVE 5 ~ MIN X =71 .09607990EC 2 - U1 . fQ‘”b? e
CURVE & - AVC =] DY THEN AR 4 2 OS104M8E 03
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CURVE 1 - MOX PRFG=8.E2313701F03+ 03, L4854 7705 100

CURVE D = MIN R =4.04182567F 03+ 0] 5R331958 0

CURVE 3 - MOX X =4.71313038F02+J6. 20770041800

CURVE # = MIN X =5.48131309F03 J1.07 246002 00
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TOTAL EFFICTENCY

LS=

GE DUMILQARD 1
C.P. 1 5 INCH CIRCULAR HERD
LOW BAND  ENOFIRE (0,0)

1856 US=E+50 LP-.3700 QP=E+50
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CURVE &
CURVE 3
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2100 b she mbe ose

FREGUENCY
TOTAL EFFICIENCY VERSUS FREUUENCY

- M8X PRES=3.08590054E04 +J6 - B4583403F 04
- MIN R =3.0629593720 03+ J6 . 152JU03C8ELA
- MIN X =3.57300970E03+45 1912605 7E 03
- AVG = JHH20H 72504+ 04 . 3321635 78 CH

LALED TO K+t PAPER # 4
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GE DUMILOAD I
C.P. 1 5 INCH CIRCULAR HERD
LOW BAND 30 DEGREE (0,30)
LS=.1886 QS=E+30 LP=.3750 QP=E+50
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FREQUENCY

TOTAL EFFICIENCY VERSUS FREQUENCY
CURVE 1 - MAX PRES=1.70359401EC4+J5.28237277803

4
all TS

st

CURVE 2 - MAX R =1.72739279E04+J3.19185895E03

CURVE 3 - MIN R =3.18166358E03+J6 .18376532EC3 |
CURVE 4 - MaX X  =1.14610751EC4+J1.006323 750 ;
CLRVE S - MIN X =8.09602996E.03 -J1.58C26357E03 !

CURVE & - RVG =1 14146599E04+ U3 .81251048E03

SCALED TO Ket PAPER # 46 0780
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FREQUENCY
TOTAL EFFICIENCY VERSUS FREQUENCY

CURVE | - M8X PRES=8.62318791E03+43.549547751°03
CURVE 2 - MIN R =4 .04152567E03+J1 .58332185E03
CURVE 3 - MAX X =4.71313038E03+46 .227 7024 1E0S
CURVE 4 - MIN X =5.48191309E03-41 .07736008E0
CURVE & - RV(E =5.92082810E03+4J3.08428731E03
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LOSS IN (FRAMIC

GE OUMTLOAD 1
C.P. 1 5 INCH CIRCULAR HEAD
LOW BAND  ENDFIRE (0,0)
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FREQUENCY

LASS IN CERAMIC VERSUS FREQUENCY

CURVE 1 - MAX PRES=3.08590054E04+J6 .84583403E 04
CURVE 2 - MIN R =3.06295372E03+J6 . 15220308E03
CURVE 3 - MIN X =3.%573003870F03+J5.191 268037503
CURVE 4 - AVG 2 HHZ05725E04+ 04 . 3321635 7E 04




LOSS IN CERAMIC

i Yy /L 1 44 Lot
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CURVE & - MIN
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X
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GCALED TO K+t PRPER 2 46 §213 “

70358401E04+45.28237277803
72759279E04+U3.19188898L (03
19166958E03+J6 . 18375532803
14610751E04+J1.006323 758 04
09602996E03 -J1.58026357£03
TH146599E04+J3 . 81251049603
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GE DUMILOAD I
C.P. 1 S INCH CIRCULAR HERD
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LS=.1886 QS=£+50 LP=.3750 QP=E+50
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FREQUENCY

MAG( 1) VERSUS FREQUENCY }

CURVE ! — MAX PRES=3.085900S4EQ4Y+J6 .84583403F 04 |
CURVE 2 - MIN R =3.06295372E03+J6.15220308E03 |
CURVE 3 - MIN X =3.57300370E03+J5.19126037E03 %
CURVE 4 - AVC =2 44205 725E04+J4 . 3321635 7E04

SCALED TO KeE PRAPER # 4G 6
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FREQUENCY

MAGI 1) VERSUS FREUUENCY

CURVE 1 - M8X PRES=1.70353401E04+45.28297277803

CURVE 2 - MAX R =1.72759279E04+J3.19185538F0)3
CURVE 3 - MIN R =3.18166358E03+J6.18375532F03
CURVE 4 — MAX X =1.14610751E04+J1.00632°.3 75E 04
CURVE & - MIN X =83.09602996E03-J1 .58026357E03
CLRVE & - AVG -1.14146539FE04+J3.81251049E03

ettt v

SCALED TQ,K*E PAPER = 48»6213
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c.P. 1
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LOW BAND BROARDSIDE (0,90)
LS=.1886 QS=E+50 LP=.3750 QP=t+50
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FREQUENCY
MAG( 1) VERSUS FREUUENCY

CURVE 1 - MAX PRES=8.6231970C1EC3+43.54954 7 758105
CURVE 2 - MIN R 4L 04152567803+ J1 .58332185803
CURVE 3 - MAX X =4.71313038E03+J6.2277S241E03
CURVE 4 - MIN X =5.48191309E03-J1.07736008E02
CURVE & - RVEG =5.92082810E03+J3.08428731E03
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MAGrEx1) VERSUS FREUUENCY

CURVE 1 - MAX PRES=3.08530054ECH+J6 -B4583403E 0
CURVE 2 - MIN R -3.0623%372E03+J6 . 15220308E03
CURVE 3 - MIN X =3.57300970E03+J5.18126037E03
CURVE 4 - RVE =0 U209 725808+ 04 . 3316357804

S(ALED TO K+t PAPER =& 46 82153
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| MAG!Ex]) VERSUS FREUUENCY :
CURVE t+ - MAX PRES=1.70359401E04+J5.2823727 7803 ;
CURVE 2 - MBX R =1.72759273E04+J3.19188898E 03 (
CURVE 3 - MIN R =3.19166958E03+J6.1837553E03 '
CURVE 4 — MAX X  =1.14610751E04+J1.0063.375E0H
CURVE & - MIN X  =8.09602336E03-J1.58026357E03 '
CURVE b - RVC =1 I41H6593E04+J3 .31 251043603

293

GLALED TO K+t PHPER # 46 6213
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| MAG(ELECTRIC FIELD) VERSUS FREUUENCY
| CURVE 1 - MAX PRES=3.085900SYE U4 +J6 . 34583405E U4
4 CLRVE 2 - MIN R - 3.062495372E03+J6 . 1522030803

CLRVE 3 - MIN X -3.57300970E03+J5.19126037803
CuRVE & - AVE -0 44205725804 +J4 . 3321635 7E0H

SCALED TO K+t PAPER & 46 6213
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CURVE 2 - MIN R -4.04152567803+J1 .58332185E 05
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CURVE 4 — MIN X =0 48191309803 -J1.07736008E 07
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FINRL CESIGN QF ITERATION 1

o INCH CIRCULAR HERC
LOW BRANDG 30 CEGREE (0,30)
LP=.7536 QP=E+50

QS=E+50

100 }
~oe o1oo ol ~Ine o reoe
FREQUENCY
MEG(ZIN) VERSUS FREQUENCY
CURVE 1 - MRX PRES=1.70358401FE04+J5 . 0829727703
CURVE 2 - MRX R =1.72759273E04+J3. 14918859503
CURVE 3 - MIN R =3 .181F6958E03+J6. 183 75537 (03
CURVE 4 — MRX X =1 . 34610751EQ4+ 41 . Q0637375 04
CURVE 5 - MIN X =f .09602396E03--J1 . 580 R 357F 03
CURVE 6 - RAVG =T OHIHESYIE 04+ J3.8125710491 03
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kit oo, PR

SCALED TO K+ PRPER 2 46 P13




MEGOZIN)

gt e 11 i gl A S | o a il S G e R R B

FINAL DESIGN OF ITERATION 1
C.P. 1.1 5 INCH CIRCULAR HERD
LBW BAND BROADSIOE (0,80)

LS=.1731 QS=£+50 LP=.7536 QP=E+50

100000
10000 _|
=
N _
1000 |
) 7
100 W
~uina 2100 ooho 2900 Dy oo
FREQUENCY
MAG( ZTN) VERSUS FREQUENCY
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CURVE 2 - MIN R 40415256 7E03+ 01 .583321535E03
CURVE 3 - MHX X =4 .71313038E03+J6 .22775241E03
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FINAL DESIGN GF ITERATION 1
C.P. 1.1 5 INCH CIRCULAR HERD
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1 - MAX PRES=1.70359401E04+J5.28297277803
2 - MAX R =1.72759273E04+J3.19188898E03
3 -MINR =3.18166958E03+J6.18375532L.03
4 - MAX X =1.14610751E04+J1.006323 75804
6 - MIN X =8.09602996E03-J1 .58026357£03
b - AVE =1 14146599 04+J3.81251049E03
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C.P. 1.1 5 INCH CIRCULAR HERD
LOW BAND  ENDFIRE (Q,0)
LS=.1731 QS=£+3C LP=.7536 QGP=E£+5C

Y

in
N S

e i e g AR L T e o AR et AR

MRGIVH/T }

R

arinn 10 2250 o4 aulg 2500
FREGUENCY
MAG(VYH/1) VERSUS FREQUENCY
CURVE ' - MAX PRFES=3.08539C054ECY+J6 .84583403FECH
CURVE - MIN R =3.06295372EC3+U6.1522C3C8EC3

3

-
CURVE 3 - MIN X =3.5730097CEC3+J5.19126C27E03
CURVFE 4 - AVC =2 442087 5FCY+ 04 . 331635 7ECU

SCALED TG K+E PAFER ® 46§ 0780




MAEGIVH/ 1)

i
L

CURVE
CURVE
CURVE
CURVE
CURVE
CURVE

FINARL DESIGN OF ITERRTION 1
c.P. 1.1 S INCH CIRCULAR HERD
LOW BAND 30 DEGREE (0,30)
LS=.1731 QS=E+50 LP=.7536 GQP=E+30

b _

[ws]

oo 2102 L 2300 2400 o500
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CURVE 2 - MaY R =1 32759279E04+.03.18188898E03
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